Crystals of C14HnC12N are triclinic, space group Pl, with Z= 2, a= 9.979 (3), b = 9.901 (2), c= 8-680 (1)A, = 107.97 (2), fl= 118" 12 (2), y = 106"94 (2) °, V= 614"3 (2)/1,3, Dx = 1"428, Dm= 1 "415 g cm -3. The structure has been determined from three-dimensional X-ray diffraction data by the Patterson method and refined by full-matrix least-squares calculations to a final R of 0-049 for 1963 observed reflections. There is a hydrogen bond [2.991 (1)A,] from the protonated ring nitrogen atom to the chloride ion. The molecules stack in planes 3"4 A apart throughout the crystal.
Introduction
A crystallographic study of several acridine derivatives, including some that are mutagens, has been in progress in this laboratory . Some of these compounds are believed to intercalate in DNA (Lerman, 1964) . They may also interact with polymerases, and certain bromomethylbenzo[c]acridines have been reported to inhibit DNA and RNA synthesis (Daudel, Gachelin, Delcey, Jacquignon, Buu Hoi & Queval, 1971 /1972 . This study was undertaken in order to determine the dimensions of a chloromethylacridine and to compare the results with those for other simple acridine derivatives and for the larger alkylating derivatives, some of which are mutagens.
Experimental
The salt (I) was prepared and crystals were grown and provided by Dr R. M. Peck (1974, unpublished) . (7) 3.37 (6) 1.73 (6) 2.21 (7) 1-43 (8) C (12) 3912 (2) 3397 (3) 1862 (3) 3.23 (5) 3.20 (7) 3.00 (6) 1.55 (6) 1-91 (7) 1.13 (8) C (13) 3592 (2) 5314 (3) 697 (3) 3.14 (4) 3.51 (7) 3.10 (6) 1.71 (6) 2.02 (6) 1.42 (8) (8) 3.15 (7) 1.24 (7) 1.45 (7) 1.35 (9) DAVID E. ZACHARIAS AND JENNY PICKWORTH GLUSKER 2047 
. Table 3 ). Deviations from this plane (in A x 103) are listed beside each atom.
The crystal data are given in Table 1 . Three-dimensional data were collected on a Syntex automated diffractometer with a graphite monochromator and Cu Kc~ radiation using the 0-20 scan technique. Intensities were measured for 2335 reflections in the range sin 0/2 =0 to 0.61 A -1. Values for a(1) were derived from counting statistics. Reflections for which the measured intensity, lobs, was less than 3.0 a(1) were considered to be below the threshold of measurement. Values of a(F) were computed from the expression (F/2){[az(1)/ 12]+62} 1/2 where 6, the measured instrumental uncertainty, was found to be 0.0136. The intensity data were converted to structure amplitudes by application of Lorentz and polarization factors and an ellipsoidal absorption correction (Johnson, 1963) , and placed on an absolute scale with a Wilson plot. An isotropic extinction correction (Zachariasen, 1963) with c~= 5.71 × 10 -6 was also applied to the data in the final stages of the refinement.
Structure determination and refinement
The structure was solved by direct inspection of the Patterson map. The initial trial structure gave an R of 0.385. Isotropic full-matrix least-squares refinement reduced this value to 0.154 and subsequent full-matrix least-squares anisotropic refinements gave R=0.070. The positions of the hydrogen atoms were derived from a difference synthesis. Refinement of all atoms was continued with the hydrogen atoms treated isotropically and all other atoms anisotropically. The weights Table 3 . Some least-squares planes through parts of the molecule All deviations from the planes are in/~ with estimated standard deviations of 0.002-0.003 /1,. Only the atoms with the largest deviations from the planes are shown in this li~t.
Plane 1 Plane 2 C(1)-C(9), N(10), C(5)-C(8), C(11)-C(14) C(12), C(14) el(l) -1 "492 -1.446 C1(2) 0"801 0"716 C(15) 0.155 0.190 C(3) -0.016 -0.074 C(4) -0.012 -0.071 C (7) --0"032 -0"006 C(8) -0.032 -0.003 C(9) 0.049 0.058 N(10) 0.011 -0.026 Maximum deviation from plane* 0.049 -0"074 R.m.s. deviation from plane of atoms calculated in the plane 0"021 0.006 0.014
Plane equations 1 8.15045x-2.77034y-6.90365z = 0.96003 2 8.07020x-2.87749y-6.88047z = 0.88877 3 8.20900x-2.74186y-6.89458z= 1.01584 4 8.17807x-2.69474y-6.92895z= 1.01676 where x, y and z are fractional coordinates.
Plane 3 Plane 4 C(9), N(10), C(1)-C(4), C(11)-C(14) C(11), C(13) -1.544 -1.529 0.836 0.820 0.111 0.122 -0.015 0.003 -0"005 0-003 -0"054 --0"072 -0"061 -0"070 0.021 0"027 0"014 0.009 --0"061 --0"072 0.095 * Excluding H, C1, C(15).
THE CRYSTAL STRUCTURE OF 9-CHLOROMETHYLACRIDINE HYDROCHLORIDE used in the refinement were 1/[a2(fo)] with reflections below observational threshold assigned zero weight.
The quantity minimized was Xco{Ifol-lEvi} ~. The final refinement converged with R=0.049 and a weighted R value of 0.051.* The atomic scattering factors used for chlorine, oxygen, nitrogen and carbon atoms are those listed by Cromer & Mann (1968) and for hydrogen atoms those of Stewart, Davidson & Simpson (1965) . The real component of the anomalous dispersion correction for chlorine, Af' =0-348, is that listed by Cromer & Liberman (1970) . Computer programs used in this determination were the X-RAY 72 system (Stewart, 1972) , and UCLALS4
(full-matrix least-squares) (Gantzel, Sparks, Long & Trueblood, 1969) , modified by H. L. Carrell.
The final atomic parameters are presented in Table  2 . A view perpendicular to the least-squares plane through the acridine portion of the cation is illustrated together with thermal ellipsoids in Fig. 1 (Johnson, 1965) .
Discussion
The interatomic distances and interbond angles are shown in Fig. 2 . They do not differ significantly from those found for acridine (Phillips, 1956; Phillips, Ahmed & Barnes, 1960) . For the chloromethyl group, however, the C-C bond [1-502 (3) N] is slightly longer than values for chloromethylanthracenes [1.485 (2), 1.493 (2) A] (Gabe & Glusker, 1971 ; Chomyn, Glusker, Berman & Carrell, 1972) while the C-CI bond [1.795 (1) ~] is slightly shorter than those for the chloromethylanthracene derivatives [1.810 (2), 1.806 (2) ~]. If shorter C-C distances and longer C-CI distances (suggesting some contribution to the structure from the resonance form C = C + HzC1-) are indicators of good alkylating agents, then the distances listed above might indicate that the chloromethylacridinium ion is not such a good alkylating agent as the corresponding anthracene derivative.
The chloromethylacridinium cation is nearly planar. The angle between the planes of the two outer rings (i.e., between planes 2 and 4 in Table 3 ) is 1.62 ° with values 1.68 ° and 0.36 ° for the interplanar angles for 2-3 and 3-4 respectively. Distances from some planes are given in Table 3 and Fig. 1 . As in chloromethylanthracenes the methylene carbon atom, C(15), lies out of the plane of the acridine system (0.155 /k) to the opposite side of the plane from that of the chlorine atom (+ 1.492 N) . The ring atoms deviating most from the molecular plane (1) are C(3), C(4), C(7), C(8), C(9) and N(10), and their deviations, which are significant, are listed in Table 3 . This shows that the two ends of * The structure-factor list has been deposited with the British Library Lending Division as Supplementary Publication No. SUP 30423 (15 pp., 1 microfiche). Copies may be obtained through The Executive Secretary, International Union of Crystallography, 13 White Friars, Chester CH 1 1 NZ, England.
the molecule lie below the plane to give a bowed molecule.
The packing of the molecule in the unit cell is shown in Fig. 3 . The chloromethylacridinium cations form hydrogen bonds to chloride ions with N(10)..-C1(2), 2.991 (1)/k, H(N10)...CI(2) 1.91 (2) A and the angle N(10)-H (N 10). • • C1(2) 171 (2) °. The other closest approaches to the chloride ion are two methylene groups of molecules v and vi with distances from C1(2) of 2.69 (3) A for H(152~), 2.71 (2) A for H(151 v~) and 2.73 (2) A for a ring hydrogen atom H(2"").
The vertical overlap of acridine rings as they stack in the crystal is illustrated in Fig. 4 in which three 171 (2) .98 (2) 1.09 121 "T~0.99 121 120 (~21 (1) 118(I) It8 (1) 116 (1) ,21 (3) , ,,(,~o.,,,,  1,,(~8, ,,  118~,,,m,., (~ molecules in planes 3.4 ~ apart are shown and the extent of vertical stacking is indicated by the shading. The overlap of one chloromethylacridinium ion with another at 1-x,l-y,l-z (molecule iii) is almost identical with the overlap of pairs of molecules of 10-chloromethyl-2,3,9-trimethylanthracene related by a center of symmetry (Chomyn et al., 1972) .
